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C‘oiic1zisioiz.s. The isolated cerebroside was not the customary 
kerasiii : it contained d-glucose in place of the usual d-galactose corn- 
poiient, as proven by fermentation, optical rotation and reduciilg 
equivalents. Hallidaq-, ct rrl., suggestecl that the cerebroside isolated 
by tlieni might represent an anoiiialy of carbohydrate metabolism. 
Our results, aiid those recently reported 11y Klenk aiid Schiiiiiaiili,9 
indicate that synthesis of a glucosicle type of splenic kei-asin is a fre- 
quent occtirreiice in Gaucher ‘s disease. 
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Electrical Properties of Tissues in Shock Therapy. 

.i lack of knowledg-e o f  the exact treatment curreiit has hindered 
the stanclarclization o f  electrical sliocl; therapy. This has been 
especially true 1)ecause the treatment current does not appear to 
follow “Ohni’s law”-that is, the current is not eq~ial .to the ti-eat- 
metit voltage divided by the measured ( (1-c ) resistance between the 
electrodes, but usually is consitlerahly higher. A41so. the resistance 
varies in kvhat has appeared to he an “un~~redictahle” nianner. For 
these reasons, an ( 1  priori selection of the treatnient current has ap- 
peared to be impossible. 

It is, o f  course, the passage of the electric current which is re- 
spoiisihle for the convulsive shocks, rather than tlic applied voltage 
of itself, so that dosage standardization must be on thc basis of the 
former. The voltage required to obtain a given cui-rcnt will depend 
upon inany factors, such as the thickness o f  the skull, area of elec- 
trodes, condition o f  the skin, etc. Obviously a rational prescription 
of dosage requires some niethod of taking these factors into account. 
This was recognized even in the original work o f  Cerletti and Bini 
( 1938 ) , who employed a d-c resistance measureinent as mentioned 
ahove. However, this bears no relationship to the effective resist aiice 
du 1- i 11 g t r ea t m en t . 

A study of the electrical properties o f  the tissues involved offers 
an explanation of the apparently anomalous hehavior of the re- 
sistance. This has made possible the accurate preselection o f  the 
treatinelit current used in shock therapy. 

9 Klenk, E., and Schumann, E., Z. physiol. Clwm., 1940, 267, 128. 
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Method. Two electrodes were placed oii tlie subject's head. using 
electrode jelly, as for shock treatment. Tlie alternating current im- 
pedaiice betweeii these was measured at f req~iencies of from 50 to 
15,000 c.p.s. by means of an inipedaiice bridge.* The very low cur- 
rent employed pi-oduced iio stiiuulation. The alternating current 
impedance of tissue may he separated into two conipoiieiits : the 
resistance or eiiei-gy dissilmting 1)ortioii ; and the reactive, or energy 
storing portion. Tlie latter results fro111 the polarizability of living 
ti sstie. 

(~oiisidei-al)lc in forniatioii cc )iicc.i-ning the electrical behavior-and 
also at least t c ~  soiiit' estciit thr stl-ucture-of tissue may be ohtainecl 
1 ) ~ -  idottiiig the "iiiil)ctlaiicc. I ~ ) C U S "  ( ('ole a i d  Curtis'). In this, the 
rtlactmcc is 1)lottt.d agaiiist thr rcsistaiice for each fi-eclueiicy at which 
the iiiipdaiicc. is iiieasuretl. I '1-oper aiialysis will then frequently 
allow the (lei-ivatioii o f  ;ti1 "c.cliii\.aleiit clectrical iietworl.;," in which 
the electrical pro1)ertic-s o f  the tissues are represented by a coiiibiiiation 
o f  ordinary electrical coiiil)oiic.iits. such as resistors and condensers. 

- \  tF1)ic:iI inil)etIance locus as obtaiiied in the 
a1)ove mcasui-eiiieiits is illustratctl in Fig. 1. -411 analysis of tlie figure 
sliows that these l)i-ol)ertic.s may 1)e a1)proxiiiiated by the network of 
Fig. 2 ,  with I t ,  100 ohms, and It, 500 ohms. C is the element of the 
n et w or k i lit r oduc i ii g t 11 e react aii ce , a i d  r epi- esent s the niem b r ane 
polarizability. It is a contleiiser of about 0.4 pfd capacity and 62" 
1)liase angle. 

1iIcrfricuI K~.T~/ / / .Y.  
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* Offner Electronics, Type 800. 
1 Cole, Krnneth, and Curtis. T L  .J.. Cold Spring l icirhor Syw~posium, 1936, 

4, 73. 
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T11c c~quiv;ilt~iit  cirvuit. 

.is direct currents cannot pass through a condenser. it is appai-ent 
that the tl-c resistance o f  the network will he I<, -t- R,,, or 600 oh ln~ .  
1 his is tlie high resistance intercept o f  the inipedance locus of Fig. 
1 -the "zero frequeiicy extral)oIation." Very high frequencies will, 
o i i  tlic other liaiid, pass through C aliiiost uiiinipeded, so that no cur- 
rent will flow through I<,. The effectiw network resistance will then 
1)e I t , ,  which is the low resistance intercept of the locus-the "iiifinite 
freclueiicy extrapolation. " 

It Iias Ixeii shown (Cole aiid Curtis") that electrically stin~ulated 
tissues lose almost completely tlieii- polarizability ; that is, they hecome 
dmost coiii1)leteiy 1)eriiieable. In tlie above network, this iiiay be 
represented 1)y R, falling to such a low value that it effectively short- 
circuits the condenser C. The measured resistance of tlie iictworl.; at 
all frequencies will tlieii lie only slightly greater than R,. Sow tlie 
currcnt used in shock therapy is of quite great strength, aiid it must 
stinidate the tissues carrying the bulk of the current. Thus (luring 
the passage o f  the treatnieiit current, tlie resistance of R, will fall to 
a low value, and the effective resistance to tlie passage of tlie treatiiient 
ctirrent will he cml_v slightly greatei- than R,. I t  is apparent, however, 
that the cfccti7~7 resistance of the patient can be determined before- 
hand 114' use of a high frequenc,v test current, rather than the direct 
ctirreiit originally used. Tlie following relatioiiship may 1)e stated : 
Tlie measured electrode resistance before treatment, using a low in- 
tensity, high f i-cquency testing current, should equal the resistance 
t o  tlic passage of the high intensity, low (60 c.1j.s.) frequency treat- 
nien t ciirr ent . 

1 he ahove relationship was used in setting the dosage in shock 
therapy. A 7 0 0  cycle tcsting current is first passed through tlic 
electrodes mi the patient. The voltage is adjusted until this testing 
current is a fixed fraction (allout cine ten-tliousandtli) of the desired 
treatment currciit : tlie treatment voltage to he given is siiiiultaneously 
raised 1)r"l~ortiotiately. When the shock is given, the treatment cur- 
rent should then bear this same relationship to the test current, arid the 

r \  

, 7  

2 Cole, Konneth, and Curtis, H. J.! ,7. Gen. Physiol., 1939, 22, 37? 649. 
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test current iiicter may thus Iw calibrated directly in ternis of the 
treatment current. 

Both because of its low iiiteiisity and because its frequency is 
remote from tlie pararesonance frequency of nerve cells ( Monnier3), 
the test current caniiot be felt bj- the patient. 

The fact that the d-c resistance between the electrodes is aliiiost 
nieaiiiiigless became o1,vious tluriiig the impedance measurements ; it 
ivas fouiid that it could hc c1iaiigc(l at will by varying the technic 
used in electrode applicatioti. Such variations did not, however, 
appreciably affect the high il-efpciJc!- resistance. Nor has experience 
i t i  admiiiistratioii o f  sIioc1;s iii(licatt'c1 that they affect the value of 
thc treatnicllt clll-l-~llt. 

C'( )iivtilsi~-c s1iocl;s \wre atliiiiiii~tcretl to a nuniber of patients with 
tlic iiistruiiiciit. a s  listed i i i  ' i~a l~ lc  1 .  1 1 1  every instance the treatnient 
current ivas verj. iiearly ccjti;tl t o  the value predicted by the test 
nietcr-always within 5 7.. T h e  i-atlier large iiiteriial stabilizing 
resistance of the instrunxiit tcmls t o  obscure small differences be- 
t~vecii  the paticlit's I-csistaiicc to  tlic tcstiiig mid treatment currents. 
Tlic results, l i o ~ j - c ~ - c ~ - ~  coiifiriii t lie c~)iicltisioii that the effect of the 
tissue polai-izal)ilitF is largcl!. cliiiiitlatc-(1 I)?  the flow of the treat- 
tiieii t current. 

I lie advantages o f  the LISC C ) t '  this technic in the administration of 
electric convulsive slioc1;s a1qw:irs t o  he two-fold : it allows the value 
o f  tlic treatment ciii-i-c~it t o  he sct ;i1 tlie value desired for the treat- 
ii!crit : and 11ic cui-I-ciit v;iliics i i~e (1  !)!. clifTt'i-c'iit workers can be com- 
1 ) x i - c ~ l .  Tlic \.oltap! i-cqtiii-c(l tr)  ()l)taiii a given curl-tint will vary with 
tlic csact ioriii o f  elcctro(1c cii11)11~~ c d ,  as well a s  anatomical differ- 
eiices lietween patients. Tlitzs it M-otild he expected that considerable 
variation in voltage values woiiI(1 occur from subject to siibjcct, as 
well as lxtweeii diffcrent ~voi-kers io1- the same sulljcct. On the other 
liaiid, current valucs should hc iii( ) I T  ncarly constant. It has, in fact. 

r ,  
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3 Monnier, A. M., T,  'Eni tat ion M w t r i q i i e  (Hes Tissus, Hermnnn et Cie, Paris, 
1934. 



lxeii found that the large percentage of subjects will receive con- 
vulsions with currents of froiii -COO to 4.30 ina, applied for 0.2 or 0.3 
seco17 (i s. 

Tlic writer \\-islies t o  thank Drs. E. Doiiibrowski and J. V. Edlin of the Cl~icago 
6t:ite IIospital for their cooperation in the test of tliis instrument, :md Dr. R. w. 
Gerard for  assistance in preparatioii of tlie manuscript. 
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Influence of Hyperpyrexia on Ascorbic Acid Concentration in 
the Blood. 

It has hecii establishe<l'* '* :' that the plasma ascorbic acid concen- 
tration during tlie course o f  an infectious fever is lowered, as a conse- 
rl~ieiice, the therapeutic pi-oceclurc o f  suppleiiienti~~g the diet of such 
1)atieiits with ascorbic acid is receiving iiicreased attention. 

This investigation was uiidertakcti to ascertain whetlier an artificial 
icl-er produced hy physical iiieaiis also produced a lowering o f  the 
I)lasnia ascorbic acid. \\%en this work was initiated no such study 
liad 1)ecn reported : hut in the iiiearitiiiie two solnewhat similar in- 
yestigations have 1)ecii rep- te t l .  '. " In atldition, Rliinehart's"* ' asso- 
ciation o f  low plasliia ascorliic acid levels with the etiology of rheu- 
matic disease further augnieiitcd oiir interest, inasmuch as our 
patients had heen afflicted with this disease. 

Mt7tlzod. Seventeen patients suffering from cliroiiic arthritis were 
su1)jected to hyperpyi-exia. 'I'hc body temperature was elevated and 
inaiiitaiiietl at 104 2 to 104.6 Z; ( rectal) foi- a period of 4 hours, fol- 
lowing which it was permitted to  return to iioi-mal. A combination of 
fever cabinet and iritluctotherm was used to elevate the patient's tcm- 
1 )cr a t ti r e . Treat iiien t s were gi \ ~ i i  ( )ti ce w eekl ,v . 

1 Farmer, C. J., Quart. Bull. XortAwm1(wb Cniv. Med.  S'ch., 1940, 14, 220. 
2 Wolfcr, .J. A., , ! S U ~ { J .  Cliir. S. .!., (!liiwgo N u ~ r i h ~ ,  F P ~ . ,  1940. 
:{ Wolfcr, J .  A., Szir.9. G p w .  Obst., 1939, 69, 743. 
4 I)aiim, R., Boyd, I<., :md Paul ,  If-. I)., PROCJ. So(-. ESP. 1 3 1 0 ~ .  AND MED., 1939, 

6 Zonk, J., and Sharpless, G. I<., I 'RO~' .  8 o C .  EXF'. Rrot. AND MED., 1938, 39, 2%. 
fj Rinehart, J. F., Ann. I r r t .  Micti., 1935, 9, 586. 
i Kinehart, J. F.. AWL. l n t .  X v d . ,  1935, 9, 671. 
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